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With the rapid development in in telecommunication technology and surgical techniques, the 
traditional method of surgical mentoring may, in many cases, prove expensive and 
ineffective. Telementoring is an innovative technique in robotic surgery that allows for only 
the mentee to be present at the operating room during surgery, with additional health 
personell maintaining the same role during surgery as the would during on-site mentored 
procedures. The mentor may be anywhere in the world, verbally and visually mentoring the 
mentee. This is made possible through a camera lens, which allows the mentor to watch live 
images from the procedure, through a video broadcast over the internet. The invention may 
enable surgical procedures in hospitals with absence of surgeons with experience in that 
specific surgical procedure. This may in turn, reduce the need for experienced surgeons to 
travel between hospitals, which can both reduce cost and increase the availability of robotic 
surgical procedures and -teaching.  
The objective of this study was to assess the learning curve associated with telementored 
robotic ventral mesh rectopexy, and the feasibility of introducing a new surgical procedure to 
a hospital through telementoring. 
Methods  
At Bodø Regional Hospital, an educational program for robotic ventral mesh rectopexy 
(RVMR) was created. Prior to conducting the project, an application to the Norwegian 
committee of ethics was approved. Each of the patients in the study gave their formal consent 
after receiving a standardized form containing information about the procedure. An 
experienced robotic surgeon with no prior experience with RVMR conducted twenty 
procedures. The RVRM procedures were telementored by an experienced robotic surgeon 
affiliated at Aarhus University Hospital, Denmark. The learning curve was examined by the 
author of this thesis, by assessing video recordings of the procedure and scoring each of the 
procedure with the Global Evaluative Assessment of Robotic Skills (GEARS) score. The 
video assessment was performed blindly, i.e., without knowing the temporal number of the 
procedure.  The results were analyzed using the statistics tool SPSS.  
 
Results 
The study revealed that throughout his 20 first robot-assisted rectopexies, the technical 
proficiency displayed by the surgeon increased across all parameters of the GEARs score and 
the total GEARs score. 
Conclusion 
The study suggests that performing telementored RVMR with an inexperienced on-site 
mentee and an experienced off-site mentor is feasible, and that it´s associated with an increase 
in the surgeon´s GEARS score. The study, however, does not take into account whether the 
increase in GEARS score is attributed to the educational aspects of the telementoring 
program, rather than the surgeon having a natural improvement in his learning curve, due to 
his general robotic practice.  
Abbreviations  
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IDEAL  Idea, Development, Exploration, Assesment, 
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The objective of this study is to critically assess the learning curve of a single surgeon during 
telementored RVRM, using consecutive surgical videos that are scored with the validated 
scoring instrument for robotic surgery, i.e. the “GEARS” score, as well as assessing the 
feasibility of an educational program for telementoring RVMR with a mentee with  no prior 
RVMR experience. The assessment will focus on the technical proficiency displayed by the 
surgeon over the course of a total of 20 surgeries.(1)   
1.2 Telementoring 
1.2.1 Definitions  
As follows are definitions on key terms within telementoring, as defined by The society of 
American Gastrointestinal and  Endoscopic Surgeons, SAGES. 
Telementoring:  
“A relationship, facilitated by telecommunication technology, in which an expert (Mentor) 
provides guidance to a less experienced learner (Mentee) from a remote location”(2) 
 
Mentor:  
“An expert surgeon who undertakes to impart his/her clinical knowledge and skills in a 
defined setting to a mentee. The mentor must be appropriately privileged, skilled, and 
experienced in the procedure(s) and or technique(s) in question. In order to serve as a mentor 
in a specific procedure or technique, the surgeon (mentor) must be a recognized authority 
(e.g., publications, presentations, extensive clinical experience) in the particular field of 
expertise” (2) 
Mentee:  
«A surgeon with appropriate basic knowledge and experience seeking individual training in 
skills and/or procedures not previously learned in prior formal residency or fellowship 
training. The mentee must have appropriate background knowledge, basic skills, and clinical 
experience relevant to the proposed curriculum. The mentee should be board eligible or 
certified in the appropriate specialty or possess equivalent board certification from outside the 
United States» (2) 
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1.2.2 
Traditional surgical training requires that an experienced surgeon, the mentor, is physically 
present at an operationg room, mentoring an inexperienced surgeon, the mentee. With the 
rapid development in telecommunication technology and surgical techniques and procedures, 
the traditional method of surgical training may in many cases prove excessively expensive 
and ineffective. With the traditional method of surgical training, implementing new surgical 
procedures in a hospital does not only require the importation of the necessary surgical 
equipment, but also importation of one or more experienced surgeons. (3) 
Telementoring is a form of telemedicine, which is defined as: “A relationship, facilitated by 
telecommunication technology, in which an expert (Mentor) provides guidance to a less 
experienced learner (Mentee) from a remote location”(4)  The first reported case of 
telementoring being used for educational purposes dates back to the sixties, with DeBakey 
performing the first open-heart surgery(5).  
Instead of standing over the patient, looking directly into the area of the body in which the 
procedure is to be conducted, a camera lens attached to a rod is used in order for the 
performing surgeon to see the relevant area of the patient´s body on a computer screen. By 
broadcasting these images through the internet, an experienced surgeon (the mentor) may see 
images from the same angle as the mentee, in real-time, without being remotely close to the 
actual operating room. (3, 6, 7) 
An additional advantage to telementored surgical training is the fact that both mentor and 
mentee have the exact same view of the operation site. With on-site mentoring, the mentee 
stands right above the site of surgery, while the mentor stands either on the left/right side of 
the mentee, or right above him. This makes the mentee´s view of the operation site differ 
slightly from the mentor´s view.  
There are, however, some potential drawbacks to surgical mentoring without a mentor on-site. 
With the traditional method of surgical training, the presence of an experienced surgeon is 
also a form of safety net in regards to patient safety. Under traditional surgical training, 
should complications occur during a procedure, an experienced surgeon may at any time 
intervene and take control over the surgical tools. With telementoring, this is currently not an 
option. This places an increased responsibility on the mentee in regards of safety for the 
patient. (2) (8)  
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Another potential hazard to surgical telementoring is the increased chance of technical 
malfunctions. In Bove et al.’s study from 2004, 5 out of 17 telementored procedures were 
interrupted due to loss of connection to the proctoring site. This causes an additional risk to 
patient health, due to the possibility that the mentee may have to complete parts of- or 
potentially the whole procedure without any guidance from a mentor whatsoever. (9, 10)  
 
The initiative to conduct this study came from a need of surgical experience in the robot-
assisted ventral mesh rectopexy-procedure in the hospital of Bodø, a medium sized hospital 
in northern Norway. Due to the lack of a surgeon in Bodø sykehus with experience with the 
ventral mesh rectopexy-procedure, as well as Bodø sykehus´ remote location, inducting the 
procedure at Bodø hospital through on-site mentoring would prove difficult and costly. 
These obstacles were overcome by organizing an initiative to introduce RVMR in Bodø 
sykehus through off-site telementoring. The Department of GI Surgery at Bodø Regional 
Hospital developed a structured educational program for RVMR based on the SAGES 
educational framework (Augestad et al Surg Endoscopy). This study was conducted to 
assess the learning curve and feasibility associated with an educational telementoring 
program, introducing a RVMR to surgeons with no prior experience with the procedure. 
The objective of this study is to describe and critically assess the learning curve over the 
course of the first 20 RVMR of an individual experienced robotic surgeon. Simultaneously, 
the study aims at assessing whether this educational program of RVMR, based on the 
SAGES educational framework, is feasible. 
 
1.3 Robot surgery and robot assisted ventral mesh rectopexy (RVMR) 
Robotic surgery is gradually becoming more commonly used for surgical procedures, due to 
its technical advantages over traditional surgery (11). Robotic surgery offers several 
advantages over traditional surgery, such as filtrating the surgeon´s tremor, the ability to 
magnify images, and creating more ergonomic postitions for the surgeon compared to what 
traditional surgery allows. This, in addition to the increased role of surgery globally, due to 
shifting patterns in disease and an increase in global population, is causing an increased 
demand for robotic surgery and robotic surgical skills worldwide. (6, 12) 
Robotic ventral mesh rectopexy is a form of minimally invasive surgery (MIS). MIS is a 
surgical technique which allows the surgeon to perform a procedure without inflicting large 
surgical wounds. The procedure is made possible by using a rod lens with a camera attached, 
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and an insufflation device. The camera system allows the surgeon to visualize the inside of 
the patients body. The insufflating device distends the patient´s body cavity, which provides 
the surgeon with ample space to perform the surgery. MIS provides several advantages over 
traditional open surgery. Among these are the reduced reconvalence time after surgery, and 
the cosmetic benefit of the small laparatomic incisions wounds, compared to the much larger 
wounds of a laparotomy. Both robotic surgery and the more traditional laparoscopic surgery 
are examples of MIS.  (13) (14) 
There are some vital differences between robotic and laparoscopic surgery. Laparoscopic 
surgery provides a two-dimensional imaging, a restricted range of motion, and poor 
positioning of the surgeon. As a solution to minimize these shortcomings of laparoscopic 
surgery, robotic surgery system were introduced. Robotic systems provide the surgeon with 
features such as 3D imaging, tremor filters and greater range of motion of the surgical tools. 
These features are unavailable with traditional laparoscopic surgery, which rely on the 
surgeon´s free-hand movements of the surgical tools. (15) 
Robotic ventral rectopexy is a form of minimally invasive surgery in which the rectum is 
reattached into its normal placement within the pelvis. The procedure is primarily used to 
treat external rectal prolapse, but may also be used to treat rectal intussuception and rectocele. 
(11) 
The procedure is performed by first making an incision at the sacral promontory. The incision 
is then continued, superficially along the right side of the rectum, and over the pouch of 
Douglas. The rectovaginal septum is then opened, in order to gain access to the anterior wall 
of the rectum taking care to not injure the posterior vaginal wall. The caudal end of a mesh is 
then sutured to the distal end of the anterior rectum wall, by fixating the sutures to the 
seromuscular borders of the rectum. The cranial end of the mesh is then fixed upon the sacral 
promontory using either sutures or an endofascia stapler. The patient´s posterior vaginal 
fornix may then be sutured to the anterior part of the mesh, which closes the vaginal rectal 
septum. Finally, the lateral borders of the incised peritoneum are sutured over the mesh. The 
procedure is standardized, and the performing surgeon follows a step by step-description 
when performing the procedure.  (13).  
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1.4 Background literature of telementoring in robotic surgery 
1.4.1  
A 2005 study compared the clinical outcomes of individually executed, on-site mentored and 
telementored hand-assisted laparoscopic living donor nephrectomies, which is a laparoscopic 
procedure used for kidney transplantations. The study used 7 parameters to assess the success 
of each procedure (see table 1) 
 
Table 1 The procedures are divided into three groups; locally mentored, telementored and independently performed. The 
success of each procedure is measured by quantifying each of the seven surgical and post-surgical parameters displayed in 
the figure. The unit of measurement is specified in the parethesis () under each parameter. The prefix “M” stands for 
“male”, while “F” stands for “female”. Creatinine levels in the kidney donor is measured before and 1 day after the 
procedure, while in the recipient it is measured before, 1 day after and 7 days after the procedure. Source: Sciencedirect.com 
(6)  
In this study, each of the procedures were completed without operative complications. The 
mean differences within the parameters were considered statistically insignificant between the 
three groups. The study concludes that telementoring as a form of mentoring laparoscopic 
robotic surgical procedures is feasible, and may facilitate individual practice. (16)  
1.4.2 
A 2007 multicentered descriptive study compared the quality of telementored minimally 
invasive robot-assisted procedures on pigs, to traditional on-site mentored procedures. In the 
study, 40 inexperienced surgeons performed surgery under guidance of an experienced 
surgeon, through on-site passive mentoring, on-site active mentoring and through 
telementoring. On-site passive mentoring consisted of an experienced surgeon, the mentor, 
being physically present at the operation room, giving exclusively verbal guidance to the 
 6 
inexperienced surgeon, the mentee. On-site active mentoring enabled the mentor not only to 
verbally assist the mentee, but additionally enabled the mentor to operate one or two of the 
surgical instruments.  (7)  
After performing each surgery, the mentees evaluated the quality of the mentoring by filling 
out a predetermined questionnaire (see table 6). The results are based on the 
mentees´perception of the quality of the mentoring, as well as the technical performance of 
the surgical robot used for the study. It does not assess, nor compare the quality of the 
surgical performances under the different forms of mentoring. (7) 
 
Table 2 Questionnaire filled out by the surgeons after performing each surgery. The score is based on the 
surgeons´subjective assessment of the quality of mentoring during the procedure. Source: Journal.sagepub.com (8) 
 
The study found an overall significantly lower score for the telementored procedures, 
compared to the on-site mentored procedures.  
1.4.3 
A multicenter descriptive study from 2020 evaluated the use of telementoring in robotic 
surgical training. The test was conducted by randomly selecting volunteers with no surgical 
training into three groups; a control group, a “group 1” and a “group 2”, each of them 
consisting of n=14 volunteers. The three groups would be tested by performing three tasks 
with the surgical robot. The first task consisted of moving a rubber triangle with a hole in the 
center from one peg on a peg board, to another peg. The second task consisted of cutting a 
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gauze into a circle shape with a surgical cutter. The last task consisted of suturing a penrose 
drain, which is a surgical drain used for fluid draining under surgical procedures. (3) 
The first task aimed at demonstrating fine-motor dexterity, as the volunteer would have to 
transfer the rubber triangle from the surgical tool operated with the volunteer´s non-dominant 
hand onto the tool operated by the dominant hand. The second task aimed at demonstrating 
the ability to perform precision and accuracy of dissection, an important skill in robotic 
surgery. The last task demonstrates the volunteers ability to perform sutures with the surgical 
robot, a difficult task which is necessary to master in order to perform real life robotic 
surgery. (3) 
 
Several parameters were applied in order to numerically quantify the volunteers´performance 
in each of the test. This included, amongst others, applying penalty scores if the volunteer 
dropped the rubber triangle, or deviated from the outlined area when performing the circle 
cut, or if he or she did not manage to finish the surgical knots in the knot-tying task. (3) 
 
All three groups would first watch an introductional video, instructing them on how to 
perform three different tasks with the surgical robot. After watching the video, each group 
either practiced freely with the robot for 45 minutes, or received telementoring in surgical 
technique by an expert surgeon located off-site for 45 minutes. The volunteers then performed 
three surgical tasks, and then either practice freely or receive training from expert surgeons. 
Then all three groups performed the same three tasks again. Table 3 displays the order and 
method used for training and testing the volunteers. 
 
Table 3 All three groups first watched the same video. Then the members of the control group and group 1 practiced with the 
robot freely, while the members of group 2 received telementored surgical training by an expert surgeon. After performing 
the three tasks (the «test»), the control group and group 2 practiced freely, while group 1 received telementored surgical 
training. Source: onlinelibrary.wiley.com (17) 
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The study revealed that each of the 3 groups made a statistically significant improvement 
between their first and second test. The control group increased their overall performance by 
19% between the first and the second test. Group 1 increased their performance by 55%, 
which is a significantly larger degree of improvement compared to the control group. The 
study concludes that telementoring with guidance from an expert in robotic surgery 
demonstrates a significantly higher degree of improvement in surgical skills compared to 
unsupervised practice with the robot over the same period of time. (3) 
1.4.4 Educational programs and SAGES recommendations 
In order to quality proof the use of telementoring in surgical education, several educational 
frameworks have been conceptualized. The society of American Gastrointestinal and  
Endoscopic Surgeons, SAGES, recommends a structured surgical telementoring curriculum. 
The educational program used in this study is based on these recommendations. The 
recommendations consist of four main domains, these being: prerequisites for entering the 
program, teaching modalities, curricular components and methods of assessments. (2) 
Prerequisites for entering the program consists of defining the entry level of performance for 
both mentor and mentee prior to initiating an educational program. The level of performance 
is defined by the mentor/mentee´s knowledge, skills and leadership. It is important to make 
sure that potential mentors in an educational program display not only excellent surgical skills 
in the given procedure, but they also demonstrate high-level knowledge in pedagogical 
methodology, as well as expertise in surgical telementoring. Regarding mentees, it is 
important to ensure that they are affiliated at an accredited institution, and they should have a 
letter of support from their institution. Mentees should also certain predefined surgical skills 
which are relevant to the given procedure. (2) 
The Teaching modalities-domain recommends that mentee and mentor in their initial 
experience with telementoring conduct some form of simulated practice sessions prior to 
performing surgical procedures. These sessions should reflect the different settings of 
telementoring, and contain elements that are appropriate to the surgical procedure. (2) 
The Curricular components- domain serves the purpose of providing curriculum which may 
help facilitate progression towards proficiency in the given surgical procedure. The 
curriculum should focus on the technology of telementoring, underlining issues that may 
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arise, and how to overcome these. I. e there may be a need to develop a structured 
communication method in order to overcome communication problems during surgery. (2) 
Assesment methods consists of reviewing each telementored procedure. This may be done by 
video coaching, where the mentor and mentee review footage of the procedure, or by doing a 
blinded review of footage from the procedure. The blinded review may be performed by 
utilizing a scoring tool, such as the GEARS score (2) 
2 MATERIAL AND METHOD 
2.1 Process 
In the fall of 2019, I contacted Dr Khayam Butt, a Norwegian colorectal surgeon working in 
the hospital of Bodø, Norway. He had expressed his intentions of doing a project regarding a 
new gastrosurgical innovation, which I was informed about through a fellow medical student. 
Due to my interests in surgery, I approached Dr Butt through email, and we began discussing 
possible approaches to the project. 
2.2 Ethics and PVO approval  
Before initiating the project, an application was sent to the Norwegian national committee of 
ethics. The project was approved as a quality-insuring project. Prior to the procedures, a 
written statement of consent was signed by each of the patients. Each patient also received an 
informative letter with detailed information about the procedure, which they received when 
giving their written consent to the procedure.  
2.3 Description of the mentee and mentor 
 The 20 procedures were are all conducted by the same mentee, a colorectal surgeon located in 
Bodø, and mentored by the same mentor, a colorectal surgeon located in Aarhus.  
The mentor, Dr N. Thomassen is a danish colorectal surgeon practicing at Aarhus university 
hospital, Denmark. Thomassen has vast experience with robotic ventral mesh rectopexy. In 
addition, Thomassen is a practicing mentor in surgery with the DaVinci surgical robot, which 
is the robot used in this study.  
The mentee, Dr Khayam Butt, is a colorectal surgeon practicing in the hospital of Bodø, 
Norway. Butt has prior experience in laparoscopic and robotic colorectal cancer surgery, but 
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no experience with neither robot-assisted ventral mesh rectopexy, nor telementoring of 
surgical procedures.  
2.4 Description of the educational program 
The project was a step-by-step educational program created to facilitate skill improvement in a  
surgical specialist from the stage of being a novice in RVMR, to becoming sufficiently skilled 
to conduct the procedure independently.   
The project started with talks between mentor and mentee, and a contract of cooperation was 
signed by both parties. The contract contained a training plan on how to conduct the educational 
program.  
Patient inclusion to the standardized procedure of ventral mesh rectopexy was initiated by on-
site mentoring of two procedures carried out at the mentee's institution with the mentor 
approving the mentee and the institution for further telementoring guidance.  
After the institution and mentee had been greenlit by the mentor, the project commenced. It was 
agreed upon by both mentor and mentee to follow a step-by-step description of the surgical 
procedure in all the 20 surgeries performed.  
After finishing each procedure, a short debriefing was held between the mentor and mentee 
while still being in contact through the telementoring device. In the debriefing, mentor and 
mentee discussed successful elements of the procedures, as well as elements of the procedure 
which should be improved. Telestration pictures utilized during telestration sessions during 
surgery were utilized in the debriefings. 
2.5 Description of the robot and the telementor equipment  
The telementoring of the procedures was enabled through utilizing the InTouch RP Viewpoint 
system, a software enabling the off-site mentor to see the mentee performing the procedure 
through a real-time broadcast. The software enabled the mentee to see the procedure from two 
different views; an endoscopic view, observing the movements of the surgical tools, or through 
a “boom camera”, which shows an external view of the patient´s abdomen and pelvis.  
The mentee and mentor may communicate orally through a live audio feed. This allows 
continuous verbal interaction between mentor and mentee through the procedure. The audio 
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may be provided either through a headset worn by the mentee, or through loudspeakers in the 
OR. (5) 
The mentor has the option to guide the mentee through telestration. This consists of the mentor 
providing the mentee with instructions by making freehand sketches on a stillpicture of the 
continuous video feed. The mentor takes the stillpicture, and may ask the mentee to stop the 
ongoing surgery for a “telestration session”. Telestration enables the mentor to provide the 
mentee with insight that may prove difficult through audio, such as identifying anatomical 
landmarks, displaying planes of dissection, etc. Currently, only still-picture telestration is 
available. (18)  
2.6 Method of blinding of the videorecordings 
The videos of the procedures were sent in three encrypted flash drives by an operations 
director at Bodø sykehus. I received the code to the flashdrives through text, after confirming 
my identity over email. The order of which the procedures had been performed were 
unknown (i.e blinded) to both the operations director and myself. Although, the order of 
which I received the flash drives were not randomized. The first flashdrive, containing 
surgery one to eight was delivered by mail to my home address 4 weeks before the second 
flashdrive, which contained videos of surgery nine to 15. About 6 weeks later, the third and 
last flashdrive, containing surgery 16-20 arrived.  
2.7 Education in RVMR and use of GEARS score  
Prior to assessing the 20 recordings, I was taught how to utilize the GEARS scoring tool by 
Khayam Butt, the colorectal surgeon who performed the 20 procedures. I also received a 
series of personal lectures from Butt, containing a step-by-step approach to how the ventral 
mesh rectopexy is performed. Due to travelling restrictions under the COVID 19 pandemic, 
these lectures were conducted via Skype. This was done as an attempt to provide me with the 
necessary base knowledge needed to utilize the GEARS scoring tool correctly.  
2.8 Video assessment and the GEARS scoring procedure 
Each of the 20 video recordings of the procedures were assessed using the GEARS score. The 
GEARS score is a validated and standardized assessment tool for robotic surgical skills. It is 
developed by deconstructing different elements of robotic surgery, and assessing each of them 
using a scale from 1-5. A rating of 1 represents the lowest level of performance, while the rating 
 12 
of 5 represents the highest. GEARS score consists of a total of six domains, these being; depth 
perception, bimanual dexterity, efficiency, autonomy, force sensitivity and robotic control. (19) 
Each of the domains have performance anchors connected to the rating of 1, 3 and 5. These 
performance anchors are descriptions of the surgical skills associated with each of the three 
ratings. I.e; a rating of 1 in the “depth perception”-domain, represents a surgical performance 
described as “Constantly overshoots target, wide swings, slow to correct”, while a 
performance rated as 5 represents a performance described as “accurately directs instruments 
in the correct plane to target”. The GEARS score is thus a tool for reviewing the technical 
proficiency displayed in a robot assisted surgery. It does not take into account other factors 
which define a successful surgery; such as surgical or clinical judgement. (19) 
The GEARS score of a robotic surgical procedure is calculated by adding the ratings from 
each of the 6 domains. Thus, the GEARS score of a robotic surgical procedure is a numeric 
value between 6 and 30.  
2.9 Patient safety 
During the procedures, there were at all times an experienced robot surgeon present at the 
hospital in Bodø. This safety measure provided the mentee with an option to receive on-site 
surgical assistance during the procedures if necessary.  
2.10 Study population 
The study population consisted of 20 female patients. 18 of the included patients were 
diagnosed with external rectal prolapse. There were 2 patients in the cohort not presenting 
with external rectal prolapse, but were clinically diagnosed with either a symptomatic 
rectocele or enterocele. Except the two first mentored RVMR, the surgeon managed to 
complete each of the remaining 18 procedures without interruption or assistance from other 
on-site surgeons.  
2.11 Variables 
Each of the 20 surgical videos were catalogued as “numbers of surgeries perfomed”, and 
given a numerical value of 0 to 19. The first video is given the numerical value of 0, since the 
surgeon prior to this procedure has performed 0 telementored robot-assisted ventral mesh 
rectopexies. The decision to assign the first video with the value of 0 instead of 1 was made 
so that when analyzing the results of the study, it would become more apparent whether there 
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is a clear relation between performing telementored surgeries and increasing technical 
surgical proficiency.  
Each of the videos were assigned a score between 6 and 30, with 30 being the highest possible 
score and 6 being the lowest. The total GEARS score is, as previously discussed, the sum of a 
scoring system on 6 individual technical parameters within robotic surgery, with each 
parameter ranging from 1 to 5. As the lowest score in each of the 6 categories is 1, the lowest 
total GEARS score is 6. Table 4 describes the scoring system, with anchor points assigned to 
the scores of 1, 3 and 5 in each category.   
 
Table 4 GEARS score. Anchor points describing the skills required for the scores of 1, 3 and 5 for each of the 6 parameteres. 
The score 2 and 4 are assigned when the skills displayed during a procedure fall between the scores of 1, 3 and 5. Source: 
Researchgate 
 
In addition, the scores of each of the parameters, these being depth perception, bimanual 
dexterity, efficiency, autonomy, force sensitivity and robotic control were each logged 
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individually. This allowed for a systematic review of not only the improvement in overall 
surgical proficiency, but also a comparison in improvement between the different parameters 
2.12 Statistical methods 
Reviewing the data from the scoring of videos was done by logging results in SPSS Statistics 
version 26 (2019), a software package provided by the technology company IBM. The 
findings were reviewed by applying descriptive statistics and analysis in SPSS. Linear 
regression is applied to graphically display correlation between two numerical variables. 
Pearsons coefficient was applied in order to determine degree of correlation between the 
number of procedures performed and the GEARS score/ score in each parameter of GEARS 
score for each procedure.  
The correlation between number of surgeries performed (n), and the GEARS score/ score in 
each parameter of GEARS score is reviewed at 95% confidence interval. Thus, any p-value of 
less than 0.05 is considered statistically significant.  
3 RESULTS 
3.1 Surgical scores 
3.1.1 Total GEARS score 
Figure 1 displays the distribution of GEARS scores for each of the performed procedures.  
 
Figure 1 Scatter plot displaying total GEARS (score raging from 6 to 30) for each of the 20 procedures.  
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By applying linear regression to the data set, I got a Pearson correlation factor of 0.928. At a 
population of n=20, the Pearson correlations factor of 0.928 equals a P-value of 0.00001. At a 
confidence interval of 95%, a P-value of 0.05 or lower for a result is considered significant. 
The mean GEARS score for the 20 surgeries was 21.85 points.  
3.1.2 Parameters in GEARS score reviewed individually 
As follows are the scatter plots of the different parametres in GEARS score as a product of 
numbers of surgeries performed:  
3.1.2.1 Depth perception 
Within the “Depth perception”-parameter, a Pearson´s correlation factor of 0.726 was 
calculated. This equals a P-value of 0.00029 at population of n=20: Mean score (on scale 1-5) 
was 3.60. See figure 2 
 
Figure 2 Scatter plot displaying scores given for the parameter “depth perception” (score ranging 1-5) for each of the 20 
procedures. 
3.1.2.2 Bimanuality 
Within the “Bimanuality”-parameter, a Pearsons correlation factor of 0.726 was calculated. 
This equals a P-value of 0.00029 at population of n=20: Mean score (on scale 1-5) was 3.60. 
See figure 3 
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Figure 3 Scatter plot displaying scores given for the parameter “bimanuality” (score ranging 1-5) for each of the 20 
procedures. 
3.1.2.3 Effectivity 
Within the “Effectivity”-parameter, a Pearsons correlation factor of 0.937 was calculated. 
This equals a P-value of <0.00001 at population of n=20: Mean score (on scale 1-5) was 3.10. 
See figure 4 
 
Figure 4 Scatter plot displaying scores given for the parameter “effectivity” (score ranging 1-5) for each of the 20 
procedures. 
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3.1.2.4 Force sensitivity 
Within the “Force sensitivity”-parameter, a Pearsons correlation factor of 0.732 was 
calculated. This equals P-value of 0.000244 at population of n=20: Mean score (on scale 1-5) 
was 3.10. See figure 5 
 
Figure 5 Scatter plot displaying scores given for the parameter “Force sensitivity” (score ranging 1-5) for each of the 20 
procedures. 
3.1.2.5 Robot control 
Within the “Robot control”-parameter, a Pearsons correlation factor of 0.886 was calculated. 
This equals P-value of <0.00001 at population of n=20: Mean score (on scale 1-5) was 3.70. 
See figure 6 
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Figure 6 Scatter plot displaying scores given for the parameter “Robot control” (score ranging 1-5) for each of the 20 
procedures. 
3.1.2.6 Autonomy 
Within the “Autonomy”-parameter, a Pearsons correlation factor of 0.803 was calculated. 
This equals P-value of 0.00002 at population of n=20: Mean score (on scale 1-5) was 3.95. 
See figure 7 
 





3.1.3 Interpretation of findings 
As previously mentioned, a confidence interval of 95% was chosen for the statistical analysis. 
The analysis shows statistical significant improvement of technical proficiency across all 6 
parameters within the GEARS score, as well as for the total GEARS score.  
I divided the procedures into an “early”, “middle” and “late” stage, with the early stage 
consisting of video 1-7, the middle stage consisting of video 8-14 and the late stage consisting 
of video 15-20. Then I calculated the average score of each of the 6 GEARS parameters, as 
well as the total GEARS score, within each of the three stages. This allowed me to compare 
the degree of technical improvement across the seven different categories. See table 5 and 6 
for results.  
Mean total GEARs score Range: 6-30 
Early stage (video 1-7) 17.86/30 
Middle stage (video 8-14) 22.85/30 
Late stage (video 15-20) 26.33/30 


































4.00 4.00 3.42 3.29 3.71 
Late stage 
(video 15-20) 
4-33 4.67 4.67 4.17 4.00 4.50 
Table 6 Mean score given to each of the 6 parameters within the GEARS score system, with videos divided chronologically 
into the three stages: early, middle and late. 
As table 6 displays, the surgeon´s scores increased by the largest margin in the “effectivity”-
parameter, with an increase of 1.71 points between the early and the late stage. This is a 74% 
increase in the effectivity category between the early and the late stage. The scores increased 
by the smallest margin in the “Force-sensitivity”-parameter, with an increase of 1.1 points 
between early and late stage. In this category, the score increased by 30.8% between the early 
and the late stage.  
The mean total GEARS score increased by 8.47 points between the early and the late stage. 
This equals a 47% increase in overall technical proficiency. The total GEARS score increased 
by 4.99 points between early and middle stage, and by 3.48 points between middle and late 
stage. This indicates that in general, the surgeon´s skills increased more rapidly in the early 
stages of telementored surgical training, than in the latter stages.  
4 DISCUSSION 
4.1 Strengths 
The use of GEARS score to score surgical videos is a new approach in the assessment of 
telementoring in surgery. This research assesses the technical aspects of the surgical 
procedures themselves using a validated scoring tool (GEARS score), rather than simply 
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assessing the clinical outcomes of procedures. This, in our opinion, provides a unique insight 
in the learning curve associated with the use of telementoring in these surgical procedures.  
Another strength of this study is the fact that the displayed surgical proficiency is assessed in 
a clinical surgical setting, unlike for example Prince et. Al´s. study, which used a non-clinical 
test setting. 
4.2 Weaknesses 
There are several weaknesses to the research i´ve conducted. Firstly, there is no control group 
in this study. The surgeon´s improvement in technical proficiency is measured by comparing 
the level of proficiency displayed in the first few videos, to the level of proficiency displayed 
in the last few videos. Thus; there is no comparison with surgeons who are on-site mentored. 
This, in turn, means that the technical improvement displayed by the surgeon may be 
quantified, but the cause of this improvement may not. An increase in technical skill over the 
course of 20 surgeries may be attributed to the fact that the surgeon has had ordinary surgical 
practice on the robot (i.e. other elective procedures), as it is due to telementoring being an 
effective tool in teaching robotic-surgical skills.  
Secondly: Another weakness is the difficulties I´ve encountered with grading surgical 
proficiency with the GEARS score. The GEARS score does not take into account the many 
complications that may occur during a surgery. I.e; when suturing the mesh onto the rectum 
of a patient with a narrow pelvis, the available space for the surgical tools to move is limited. 
This causes the surgeon´s suturing technique to appear far less fluent than in a patient with 
ample space within the pelvis. Thus; an unfairly disadvantageous GEARS score may be 
assigned to a procedure due to an anatomically challenging procedure, rather than an 
unproficient performance by the surgeon.  
Thirdly: The recordings were scored by me, a fifth-year medical student. This may prove as a 
source of error, due to a general lack of knowledge and experience in the surgical field. 
Receiving one-on-one guidance and tutoring on how ventral mesh rectopexy and GEARS 
scoring tool are done and utilized gave me a broader perspective, but my knowledge on the 
subjects prior to scoring the videos were still admittedly scarce compared to that of trained 
surgeons. Nevertheless, there exists several publications of medical students participating in 
research focusing on the learning curve of surgical procedures, and it might be argued that 
medical students are a valuable asset in educational research(20)  
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As forementioned, the recordings were randomized within each of the three flashdrives. 
Although, the first flashdrive I received contained the first eight procedures, the second 
flashdrive contained the ninth to fifteenth procedure, and the third contained the last 5 
procedures. As a result, the videos were not truly blinded, but rather divided into three groups, 
and then randomized withing these groups. This may have affected the outcome of the video 
assessment in the sense that while scoring the videos, one may have unintentionally expected 
a higher level of technical proficiency to be displayed in the procedural recordings on the 
third flashdrive than in the first one. This example of both randomization- and confirmation 
bias must be taken into account when reviewing the findings of the study.  
4.3 Further discussion 
A valid point of thought when reviewing the findings of this study, is to consider how prior 
experience with colorectal surgery may affect the learning curve when adapting telementored 
robot-assisted colorectal procedures. As described previously, the mentee had prior 
experience with both laparoscopic and robot-assisted colorectal surgery, albeit not with the 
ventral mesh-procedure or telementoring as a whole. The prior experience with robot surgery 
implicates an increased level of skill with the surgical robot compared to that of a colorectal 
surgeon with no prior experience with robotic surgery. This increase in baseline robot-
surgical skills may cause a significantly different learning curve compared to those with a 
lower baseline of robot-surgical skill prior to their first procedures.  
There are additional factors that may affect the GEARS score across the 20 assessed videos. 
One of these is the alternative surgical experience the mentee may have acquired during the 
same time period he conducted the 20 telementored procedures. It may be particularly 
relevant whether the mentee has performed any additional robotic surgeries during this time 
frame. However, certain non-robotic procedures, such as surgery in the pelvic area, may also 
affect the technical performance during RVMR, due to increased surgical experience with the 
same anatomical structures as in RVMRs.  
5 Implications  
This thesis has assessed the technical learning curve and the aspect of feasibility associated 




The findings of this study suggest that an educational program of telementored RVMR is 
feasible. Telementoring as a tool of guiding a surgeon in a robot-assisted laparoscopic 
procedure of which he/she has little to no experience with is feasible. It also suggests that 
telementoring of RVMR is associated with a significant increase in technical proficiency 
displayed by the operating surgeon over the initial procedures the surgeon conducts. The 
study, however, does not take into account whether the increase in technical proficiency is 
attributed to the telementoring process itself, rather than being a result of a general increase in 
the surgeons general robotic skills.  It will require further investigation with an on-site 
mentored control group in order to disclose the efficacy of telementoring in regards of 
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